Heterotopic ossification is a benign process of mature laminar bone formation in the soft tissues. A synonymous term used to describe this pathology in muscle is myositis ossificans. The pathogenesis is unclear, but is likely multifactorial. The basic pathology is thought to be ectopic production of osseous tissue as part of a repair process in response to tissue injury. This report describes a case of heterotopic ossification of the quadratus lumborum muscle as an incidental finding. This case highlights that treatment is based on symptoms and conservative management might be appropriate for the asymptomatic patient.
CASE REPORT
This 29-year-old male presented to the emergency department complaining of left flank and groin pain. He described the pain as being of sudden onset and rated it 7/10 in severity. There was no recollection of a traumatic event to this area. He did not have any significant past medical or surgical history.
Physical exam revealed moderate tenderness of the left flank area but was otherwise unremarkable. Laboratory values showed a slight WBC elevation of 13.5 x109/L (normal range: 4.0 -11.0 x109/L) and a mild increase in creatinine at 152 umol/L (normal range: 60 -104 umol/L). Urinalysis revealed a trace of hemoglobin, with no evidence of bacturia. Serum calcium and phosphate levels were not ordered in the emergency setting.
Computed Tomography (CT) renal calculus study demonstrated a dense 5 mm diameter calcification in the cranial end of the left kidney at the corticomedullary junction. There was no evidence of hydronephrosis, perinephric stranding or perinephric edema and the left kidney was not enlarged. The upper left ureter was mildly dilated with a dense 3 mm diameter calcification in the distal left ureter, consistent with mild hydroureter. This calcification was located approximately 8 cm cranial to the ureterovesicular junction. The calcifications were consistent with collecting system calculi.
Axial CT images also demonstrated a focus of mature bone in the quadratus lumborum muscle (Figures 1a, 1b) . Reformatted CT images revealed a mass measuring 10 cm x 3.2 cm (craniocaudal by transverse) arising from the left iliac crest, extending obliquely superiormedially towards the left L3 transverse process (Figures 2a, 2b, 2c ). There were small corticated calcifications seen between the mass and the L3 transverse process. The patient was treated for renal colic with IV hydration and analgesics and discharged following relief of his pain.
The patient returned to the emergency department two days later with a similar episode. A plain x-ray of the abdomen did not reveal any calculi and note was made of the mature bone mass arising from the left iliac crest with the corticated fragments between the mass and the transverse process of L3 (Figures 3a, 3b) . The patient was treated conservatively and discharged pain free.
At one year follow up the patient remains asymptomatic with no pain, restriction of motion or impaired function.
This case report demonstrates a rare location of presumed Heterotopic Ossification (HO). The patient had no recollection of previous trauma or any other health issues. The ossification arises from the left iliac crest and involved the majority of the left Quadratus Lumborum (QL) muscle.
Review of the literature revealed only one other reported case of HO in the same anatomical location of the QL -this was associated with a history of local trauma in the region of ossification [1] .
HO is the term used to describe the process of mature laminar bone formation in soft tissues. The synonymous term used to describe the same pathology specifically located in muscle is Myositis Ossificans (MO). Both HO and MO are used interchangeably in the literature. MO is a self limiting, benign condition that usually affects young adults [2] . Men are known to develop ossifications more frequently than women [3, 4] . Studies have found an increased incidence of two to three times greater in men compared to women [4] . The incidence is dependent upon classification of the ossification (posttraumatic, nontraumatic and myositis ossificans progressiva). The incidence of posttraumatic ossification has been cited by location and type of injury ranging from 0.6 to 100%. The incidence of nontraumatic ossification depends on the type of pathology and ranges from 3.4 to 89%. Myositis ossificans progressiva is a rare hereditary metabolic bone disease and occurs 1 in 2 million live births [5] .
The pathogenesis of MO is unclear, but is likely multifactorial. The basic pathology is thought to be ectopic production of osseous tissue as part of a repair process in response to tissue injury [6] . Posttraumatic ossification most commonly affects young athletes [5] . Current understanding is that tissue injury initiates transformation of pluripotent mesenchymal cells into osteoblasts resulting in ectopic bone formation [7] . The four factors necessary for this process to occur are an inciting event, a protein signal from the site of injury, adequate supply of mesenchymal cells, and an appropriate environment for growth [8] . Factors shown to be important in this process are hypercalcemia, prolonged immobilization, parathyroid hormone and calcitonin imbalance, tissue hypoxia, and sympathetic nervous system dysfunction [9] .
MO is associated with a number of conditions, but most commonly follows traumatic injuries such as spinal cord injury, hip surgery, traumatic brain injury, and burns [4] . The most common locations include the arm, shoulder, thigh and hand. MO typically involves a single muscle or muscle group [10] . Although the patient in this case did not recall any traumatic event to this area, injury of the QL muscle is often implicated as the cause of mechanical lower back pain. With MO the traumatic event can be minimal and may consist of only a small number of torn muscle or collagen fibers [8] .
Management of MO is dependent upon the patient's symptoms. If asymptomatic, MO can be treated conservatively. Once significant impairment of functional capacity is reached, surgical excision becomes the lone treatment option [11] .
The differential diagnostic considerations for this pattern of calcification includes pelvic digits, and less likely, but more worrisome, extraskeletal osteosarcoma and chondrosarcoma.
The pelvic digit is a rare, benign congenital anomaly in which bone forms in the soft tissues near the pelvis. The bone closely resembles a digit and often will include one or more segments and pseudoarticulations. It is thought that the pelvic digit originates from the mesenchymal stage of bone growth during the first six weeks of embryogenesis [12] . As the name implies the most common location is within the pelvis, but similar lesions have been reported in the lower ribs and abdominal wall [13] . Most pelvic digits are found incidentally and do not require treatment.
Extraskeletal osteosarcoma and chondrosarcoma must be ruled out as the prognosis and treatment are radically different --depending on the stage and subtype of the cancer treatment may require surgery, chemotherapy, radiation or a combination of these modalities.
Imaging features can help distinguish MO from other pathologies. The most important diagnostic feature of mature MO by CT scan is mature peripheral mineralization with central lucency.
The radiologic appearance of a pelvic digit varies, usually resembling a digit with multiple segments and pseudoarticulations [13] .
The peripheral mineralization associated with central lucency distinguish MO from osteosarcoma [14] which is the most frequent misdiagnosis [15] . Further testing by biopsy can be avoided if this pattern of ossification is demonstrated by CT [16] . Careful interpretation of the imaging appearance alone may help avoid a false positive pathological diagnosis of osteosarcoma as a biopsy from the central portion of the lesion may be very cellular, show abundant osteoid and mitotic activity resembling osteosarcoma [17, 18] . Osteosarcomas vary in appearance, commonly having lytic and sclerotic areas also known as a 'moth eaten' pattern. Lesions are ill defined and can involve the periosteum and adjacent soft tissues [19] . CT is useful for further delineating the intra and extra-osseous components of the tumor and characterizing the mineralization of the osseous matrix. CT is used for staging the tumor [19] .
Chondrosarcomas are commonly lytic lesions with destructive cortical thickening or thinning. Endosteal scalloping may be present [20] . CT is useful for further delineating intraosseous chondroid matrix mineralization, extraosseous tumor extension and associated soft tissue mass [21] .
In this case, the ossification was an incidental finding and a diagnosis of MO is favored. The patient was asymptomatic and did not warrant an invasive biopsy for definite diagnosis. The ossification was specifically confined to the anatomic location of the QL muscle -this strongly supports the primary pathology originating in muscle. By contrast, pelvic digits do not correspond to the anatomy of individual muscles. The center of the lesion is radiolucent and has a well-defined cortex, supporting the diagnosis of MO. Pelvic digits vary in location, shape, number of bony structures and pseudoarticulations. This lesion is larger in size and does not resemble a phalanx as most cases described in the literature. There are small bony fragments proximally, which could be interpreted as pseudoarticulations, avulsion of bony fragments from the primary lesion, or as possible ossifications within the QL tendon. Although a pelvic digit is a possibility, the diagnosis of MO was favored. The benign circumscription, extra osseous location and clinical course effectively exclude a diagnosis of osteosarcoma and chondrosarcoma.
This case demonstrates that MO of the QL muscle can be managed conservatively in an asymptomatic patient. The use of further invasive diagnostic studies and treatment is unnecessary for such patients. This is in sharp contrast with the only other reported case of MO of the QL muscle in the literature, where surgical excision and radiation therapy were employed for a symptomatic patient [1] . Although spontaneous regression and resolution of these lesions has been reported to occur, the actual occurrence of this may be only 30% [22] .
Myositis ossificans can occur in the distribution of the quadratus lumborum muscle and can be diagnosed with imaging alone. Treatment is based on symptoms and conservative management might be appropriate for the asymptomatic patient. Etiology  Exact etiology is unknown.  HO is thought to be a reparative process in response to tissue injury.  An injury initiates transformation of pluripotent mesenchymal cells into osteoblasts resulting in ectopic bone formation.  Four factors required include an inciting event, a protein signal from the site of injury, mesenchymal cells and an appropriate environment for growth.
Gender Ratio
 Men develop HO up to two to three times more frequently than women. Age Predilection  HO can occur in any age group.
 Posttraumatic HO affects young athletes most commonly. Incidence  The incidence of HO is dependent upon classification (posttraumatic, nontraumatic and myositis ossificans progressiva).  Posttraumatic HO has been cited by location of injury ranging from 0.6 to 100%.  Nontraumatic HO depends on type of pathology and ranges from 3.4 to 89%.  Myositis ossificans progressiva is a rare hereditary metabolic bone disease and occurs 1 in 2 million live births.
Risk factors
 Hypercalcemia, prolonged immobilization, parathyroid hormone and calcitonin imbalance, tissue hypoxia, and sympathetic nervous system dysfunction are important factors for developing HO. Treatment  Based on symptoms.  Conservative management is appropriate for the asymptomatic patient.  The symptomatic patient may require surgical treatment. Prognosis  Dependent upon patient symptoms, location and extent of the HO.  Asymptomatic patients generally have a good prognosis as spontaneous regression may occur.
Findings of Imaging

X-ray
An area of mature peripheral ossification and central lucency. Lesion is only visualized on plain films when mature. CT Mature peripheral mineralization with central lucency.  Commonly a combination of lytic and sclerotic areas known as a "moth eaten appearance".  Lesion is ill defined.  Can involve periosteum and adjacent soft tissues.  Codman's triangle is a sign of osteosarcoma, indicating the subperiosteal tumor has separated the periosteum from underlying bone.
 CT useful for further delineating the intra and extra-osseous components and characterizing the mineralization of the osseous matrix.  CT is used for classifying and staging the tumor.
Chondrosarcoma
 Commonly lytic lesions with destructive cortical thickening or thinning. Endosteal scalloping may be present. May be associated with adjacent soft tissue mass.
 CT is useful for further delineating intraosseous chondroid matrix mineralization, extraosseous tumor extension and associated soft tissue mass. 
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